Foreword
The field of ophthalmic fundus angiography is not new. Many articles and textbooks have been written on the subject. The field of optical coherence tomography, on the other hand, is still very much in its infancy. To bring these two critically important imaging techniques together in one comprehensive textbook was a monumental task. J. Fernando Arevalo set out to write a textbook whose principal objective was "to present current information on retinal and choroidal angiography as well as OCT imaging interpretation." This outstanding vitreoretinal specialist has clearly achieved his goal in the publication of this superbly organized and comprehensive text.
The techniques of fluorescein angiography and indocyanine green angiography are well known to all of us. The nuances of these techniques, however, require constant study and refinement. We are continually learning new things about the many disease states we study and treat on a day-to-day basis from our understanding of FA and ICG. Further clarification is always needed and always appreciated by those interested in these important areas of study. In the first section of this textbook the authors take us through a complete educational voyage of these imaging techniques. They begin with the very basics of both FA and ICG in very clear and eloquently written chapters. Choroidal, retinal vascular, and optic disc conditions are described and beautifully illustrated for the readers. For the novice this proves to be invaluable, while for the more advanced reader, the information is concise and serves as a wonderful resource for future reference.
The second section of the book deals with the new and exciting field of optical coherence tomography. The authors take this new field of imaging and, in a wonderfully orchestrated sequence of topics and chapters, develop and discuss OCT from the most basic principles needed to understand how OCT works to how it is applied to different disease states. Again, choroidal, retinal, and optic disc diseases are comprehensively discussed. Understanding that a picture is worth a thousand words and that images help the reader understand the concepts being described in the written text, the chapters contain a generous number of illustrations.
Finally, this textbook's last section deals with ophthalmic imaging, spectral domain, and new technologies, which to me is another way of saying computer processed imaging. If it were not for computers and their ability to process data, we would still be using film based FAs and ICGs. The authors delve into the difficult topic of fundus imaging and provide us today with a foundation for understanding ophthalmic imaging in the future.
Fernando Arevalo has assembled an excellent list of contributors who represent the "Who's Who" in their areas of expertise. With such a list of authors we have no reason to expect anything but the most current information in each of the chapters presented in this textbook. We are not disappointed in the result of their endeavors. We are pleased that Fernando and his coauthors have achieved their goal of producing a comprehensive text that brings together FA, ICG, and OCT in a single textbook that brings to us the most current knowledge on the topics discussed.
We have come a long way since the first photographic image of the retinal fundus. The authors of this book are distinguished authorities in their fields of interest, and have been given an opportunity to discuss and illustrate current topics of extreme importance in our care of patients and our understanding of the diseases that affect them. We are the beneficiaries of their experience and their willingness to share their knowledge and expertise with us. This textbook will be an important part of any library. In ophthalmic photography little else is as true as the phrase, "One picture is worth a thousand words." Ophthalmic photography has held a place of importance in ophthalmology since its beginning in 1886 when Jackman and Webster 1 produced the first published human fundus photographs. These images were able to show a visible optic nerve, but little vessel detail due to a large central light reflex artifact from the cornea. Prior to this time clinicians would rely solely on notes and hand-drawn illustrations to depict the changing condition of their patients' eyes. These visual notes and descriptions were very useful, but took time and were only as good as the artistic skills of the physician creating them.
As ophthalmic knowledge grew, artists were employed to illustrate, in great detail, every aspect of human ocular anatomy as well as many physiologic and pathologic changes. This laborious method worked well for texts used in teaching about the eye, but did little to aid the physician in treating his patients on a daily basis. What was needed was a quick and more detailed method of illustrating the eye. Though Jackman and Webster's initial images did little to aid in accurately illustrating the ocular fundus, they demonstrated that it could be done.
In 1899, a physician by the name of Frederick Dimmer demonstrated high-quality in vivo human fundus images. Later, in 1907, Dimmer 3 published his images and described the technique and apparatus necessary to accomplish them. In 1921, Dimmer 4 published an ophthalmic textbook utilizing this revolutionary new method of illustrating in vivo the human ocular fundus. In 1927, Dimmer's 5 images were finally published in the first photographically illustrated ophthalmic atlas, and the discipline of fundus photography truly was born.
Along with this new ability to image the eye came a new set of problems of how to get clear, sharp pictures. This chapter addresses these problems in today's terms, and provides a clear, step-by-step method of conducting a successful photo session and producing good fundus images, whether they be color fundus or angiographic. This chapter is intended for physicians and office staff who have little or no experience taking ophthalmic pictures.
Chapter Organization
We begin by looking at patient management issues that are common to most types of imaging devices. We cover common color fundus protocols, the angiographic dyes used, some descriptive terminology, the circulatory characteristics and phases of angiography, and several angiographic protocols.
The imaging devices covered in this chapter are divided into two basic groups. The first group is based on conventional camera systems that use an eyepiece to view and focus the live ocular fundus and film or video to record the images. The second group utilizes a video screen to view and focus the live ocular fundus and a video/frame capture system to record the images, typically into a computer. In this chapter, for the sake of clarity, the terms camera and imaging device are used interchangeably.
Next, we delve into the operational differences of these systems and look at aspects of image quality, such as image clarity and how to achieve it, and artifacts and how to avoid them. We follow this with a look at the methods necessary for producing hardcopy images for a physician's review, and finally we address methods and procedures of maintaining photographic images and image data files. With the chapter organized in this manner, readers can go to those areas that apply to their particular situation.
Common Areas Determine Diagnosis
The first question that must be asked is, Why are these images to be taken? Are they for documentation of the patient's current condition, or are they needed to answer diagnostic questions as well? It is important to have a clear idea of why the clinician wants the photographs so that the appropriate camera can be used. Often the best way to answer these questions is to use a photographic request form filled out by the referring physician. It should include the patient's name and basic information, diagnosis, the reason for the photographs, and a basic diagram of the eye on which the referring physician can mark the area of interest. It is also a good idea to design the form so that the patient's name and basic information can be photographed on the first frame if a film camera is being used. This allows for easy identification of patients when more than one patient is photographed on the same roll of film. Figure 1 .1 is an example of a photographic request form for a patient with diabetes, which could indicate that the first images to be taken should be color fundus images to document the current condition of the patient's eye. However, the referring physician may have also sent the patient for photos to determine the extent of neovascularization or whether there is macular edema, which could indicate that the clinician is primarily concerned with the right eye. In this case color photographs and a fluorescein angiogram are called for, and a fundus camera or imaging device equipped with the proper filters to perform angiography is the camera of choice. A close review of Figure 1 .1 shows how all of these questions can be answered with one simple form.
Patient Management
It is necessary to ensure that the patient's eye is properly dilated, as adequate dilation is imperative to get clear images. For most fundus cameras, a pupil dilated to 6 mm is typically adequate, but a rule of thumb is that the larger the dilation, the better the picture quality, particularly if the peripheral fundus is to be imaged. At times this may not be possible due to previous surgery or acute glaucoma. Also it is not advisable to dilate the eye in the presence of an iris clip intraocular lens (IOL). In this instance a nonmydriatic camera could be used, although this camera is primarily used for color photography and is not suited for an angiographic procedure. If angio graphy is required, a scanning laser ophthalmoscope (SLO), such as the Heidelberg retinal angiograph (HRA) 6 can be used to effectively image poorly dilated patients. This system produces monochromatic images suited for angiography and monochromatic fundus photography, but full-color fundus photography is not possible. In this chapter it is assumed that the patient can safely be dilated.
A common course of dilation for an adult is to use 1% tropicamide (Mydriacyl) and 2.5 % to 10% phenylephrine (Neo-Synephrine). A useful protocol is one drop of each solution in each eye at time 0:00. If after 10 minutes adequate dilation has not been achieved, a second set of drops could be placed in the eyes. At times a third set of drops may be necessary, particularly in a very dark-eyed patient, in the presence of an ocular inflammatory disease, in an individual on glaucoma medication, or after cataract surgery. Often a physician can perform a fundus exam on a minimally dilated patient; however, it is best to re-drop the patient until a suitable dilation is achieved, provided that there are no contraindications to doing so.
While the patient is dilating, it is a good time to prepare the camera by cleaning and setting it to a neutral state. Fundus cameras when possible should adapt to the patient's height rather than the patient adapting to the camera. To accomplish this, the camera table and lens should be set for the median height position and all other settings be placed at their zero or neutral position prior to the patient's sitting down. If the camera is left in an extreme position from the previous patient, an inexperience photographer can waste valuable time trying to adapt the patient to an inappropriately positioned camera.
The chin rest and table should then be cleaned and disinfected. It is also necessary to ensure that the camera lens is clean and free of debris such as dust, smudges from noses or fingers, and teardrops. Figure 1 .2 is an example of a lens prior to cleaning that was contaminated by a sneeze, and the resulting image of an incomplete attempt at cleaning the lens. Check with the camera manufacturer for the recommended solutions and techniques for cleaning the lenses of the camera or imaging device. As a suggestion, manufacturers of today's liquidcrystal display (LCD) monitors have started recommending a two-part optical quality cleaning system consisting of one pad lightly moistened with a cleaner and a second dry pad that is used to buff the screen. These cleaning pads also work well with many of today's fundus camera lens. It is imperative to first blow off any debris that may have accumulated on the lens, to avoid scratching it, and not to touch the part of the pad used on the lens surface. Powder-free examination gloves can help prevent the transfer of skin oils to these pads. Remember to always check the cleanliness of the lens prior to photography with the lens set in the anterior position and a light blank card in front of the lens. This is also an opportune time to set the eyepiece, which is discussed in greater detail later in the chapter.
Once the camera has been prepared and before the patient is fully dilated, it is a good idea to explain to the patient what procedures are going to be done. In the example mentioned above, the patient should be informed that color photographs will be taken of the eyes. It should be explained that there will be several bright flashes, but that it is perfectly safe with no lasting effect. The patient should be instructed to keep his or her eyes wide open, to ensure a clear picture. If the patient is to have an angiogram, as is our example, the procedure should be explained and the possible complications discussed. Do not assume that someone else has asked the proper questions to determine if there are contraindications to having the angiographic procedure, such as pregnancy or known allergies to the dyes. In the case of an allergic reaction the physician may determine that the procedure can continue with premedication. Often, 25 to 50 mg of diphenhydramine hydrochloride (Benadryl) 7 is used for a mild allergic reaction or 5 to 10 mg of prochlorperazine/maleate (Compazine) 8 is used if severe nausea has been experienced during a previous procedure. In either case it is the responsibility of the attending physician to make the determination.
Once the procedures have been explained, the patient should be asked if he or she has any questions, and the questions should be answered to the patient's satisfaction. Often an informed consent form is filled out, and the patient's signature is required along with that of a witness. Even after this has been done, it is still good practice to explain the procedure to the patient as it is happening, all the while giving the patient positive reinforcement, thus making the patient a member of the imaging team and making the patient partly responsible for the quality of the pictures by maintaining a clear optical pathway free of eyelashes and blinks. It is important that the patient be comfortable while sitting at the fundus camera. All imaging systems have their strengths and weaknesses in the area of ergonomics for the patient and the photographer, and a usable compromise must be found. An adjustable-height cushioned chair with back support is recommended for both the patient and the photographer. Particular attention should be paid to the patient's posture so that he or she is sitting up as straight as possible and not leaning too far forward. Photographic procedures can last anywhere from 5 to 30 minutes or longer, and it is important that the patient be comfortable and not unnecessarily fatigued in order to elicit full cooperation. This subject of posture applies to the photographer as well as it may be only one of many procedures performed in a single day. Posture and fatigue can be one of the greatest challenges for the photographer. Figure 1 .3 shows a patient who is hunched over a bit too much and perhaps with a chin adjustment a little too low, while the photographer appears to be stretching up to fit the camera. If a lengthy procedure was to be performed, both the patient and the photographer would most likely become fatigued after only a short while.
The patient's height determines the position of the camera system. For a tall patient the seat is in a lower position, the headrest in a higher position, and the chin rest adjusted so that the patient's eye is at the level of the camera lens. The objective here is to keep the patient's back straight and allow for a comfortable working position for the photographer. For a short patient the seat is in a higher position, the headrest in a lower position, and the chin rest adjusted so that the patient's eyes are level with the camera lens, again keeping the patient's back straight. Unfortunately, some patients are harder to accommodate due to a large stomach or chest. Most camerabased systems also have a pivot point that extends toward the patient. This is a necessary design feature to maintain proper optical alignment as the camera is pivoted side to side. This pivot point can be seen in Figure 1 .3 , marked by a black knob just in front of the patient's right hand. In the case of a patient with a large chest, it may be necessary to drop the camera down a bit lower than normal so that the patient can lean forward onto the chin rest and headrest. Be sensitive to the added strain placed on the patient in this extended position.
If a child is to be photographed, often it is necessary to have him sit on a booster seat or have him kneel. An infant can be placed on an adjustable-height table and positioned horizontally at the proper level for photography. In either case a parent's gentle hand can help keep the child's head in position. Proper head orientation is a critical element of getting good images, particularly over extended time periods. It is very important to ensure the head is in a proper upright position and not tilted or turned to either side. This misalignment can add to the difficulties for the photographer when switching from eye to eye and for the physician when trying to view the resulting stereo images. This difficulty is amplified if sequential images are being compared over a time period of several years. The issue of stereo photography is addressed later in this chapter.
It is very important to communicate with patients during the photography procedure. Let them know if they are doing what is needed. Let them know if they are looking in the proper direction or in an incorrect direction. Consider them an active member of the imaging team. By providing them with positive reinforcement and encouragement, they will be more cooperative and less apprehensive.
Just as the procedure was fully explained prior to starting the photography, is also necessary to remind patients of what to expect once the procedure is completed and they have left the office. If patients have had a fluorescein angiogram and there were no complications, they should be reminded that their skin might be slightly yellow for several hours and that their urine will be a bright yellow for up to 2 days. They should be assured that this yellow coloring is perfectly normal and nothing to worry about. Discuss the color issue in terms patients are familiar with, such as, "The fluorescein is simply a very concentrated yellow dye much like food coloring. "
If there were complications during the procedure, it is important to discuss them with patients. If an extravasation has occurred, patients should be informed that if their arm and particularly the injection site becomes hot, red, and tender, they should seek medical attention. It should be explained that there is a possibility of the skin blistering and sloughing off at the injection site, but that this is a rare occurrence. The most common form of treatment for pain is the immediate application of an ice pack to minimize the discomfort. Once the stinging goes away, a warm compress can be applied to the injection site to help the body dissipate the dye. Several other serious complications should be discussed, but it should be made clear that they are relatively rare and should be treated by a doctor or other medically trained personnel. These other complications are discussed later (see Common Angiographic Dyes).
Common Color Protocols
Three common photographic protocols are used to image the ocular fundus in color. Most imaging devices have a normal field of view of approximately 30 degrees, with some cameras offering fields of view of as much as 60 degrees or as little as 10 degrees. The human eye, which is a sphere of 360 degrees, has approximately 150 to 180 degrees that can be readily photographed with very good dilation. In order to properly cover pathology that extends up to and a little beyond the main arcades, it is useful to employ a standard photographic protocol to ensure that all areas of importance are covered. The three protocols that are discussed here are based on specifications developed in Fig. 1. 3. An improperly positioned patient and photographer. The patient is bent over too far with her neck completely extended, which promotes fatigue. The photographer appears to be stretching up to the eyepiece with fully extended arms, which will quickly produce fatigue in the upper back and neck.
the middle and late 1970s and early 1980s by the Fundus Photography Reading Center (FPRC) at the University of Wisconsin, in Madison.
9 They can be reviewed with other protocols and tutorials at the following Web site: http:// eyephoto.ophth.wisc.edu/.
Two-and Modified Three-Field Protocol
Several photographic protocols have been developed for use in studies over the years to illustrate problems of macular degeneration and diabetic retinopathy and edema. One such stereo macular protocol specifies two field definitions in which one set of stereo images is centered on the fovea and another set is centered on the optic nerve, whereas a more recent three-field stereo protocol requires that the macula be visible in each of three views across the posterior pole. Figure 1 .4 shows an example of the modified three-standardfield protocol with the landmarks and meridians that both protocols use.
9

Stereo Imaging
Since humans use binocular vision to gather three-dimensional details of their world, most protocols rely on a technique of stereo imaging in which the camera is moved slightly from one side of the pupil to the other side in order to get a pair of images from slightly different points of view. When done properly, the left stereo image can have a slightly darker left side and the right stereo image can have a slightly darker right side. This is due to the blockage of light from the pupil in that area. If these images are viewed in the proper orientation, a three-dimensional stereo view can be appreciated, which can aid in the determination of a diagnosis. If imaging the posterior pole, a simple sideto-side movement works well (Fig. 1.5A ). However, when imaging the peripheral superior and inferior arcades, a diagonal side-to-side and front-to-back movement may be necessary to accommodate the change in the depth of focus (Fig. 1 .5B ). Due to space limitations, a discussion of the principles of stereo fundus photography has been greatly condensed. Saine and Tyler 10 devote the third chapter in their excellent book, Ophthalmic Photography , second edition, to this subject. 
Modified Seven-Standard-Field Color Fundus Photography Protocol
If the diagnosis is proliferative diabetic retinopathy (PDR), a seven-field protocol should be used. This enables good coverage of the posterior pole and the superior and inferior arcades. Figure 1 .6 shows the placement of these fields, and it can be appreciated that when using a 30-to 40-degree camera, the area of coverage could extend to 90 degrees diagonally side to side. Note that the alignment of the fields (one, two, and three) on the central horizontal meridian can cover about 60 degrees, and the fields on either side of the meridian running vertically through the optic nerve and tangent to the top and bottom of the optic nerve in the superior and inferior arcades account for approximately an additional 45 degrees, or about 100 degrees on a predominantly horizontal diagonal line. This protocol is a modified seven-field ETDRS protocol of the 1980s and is derived from the landmark Early Treatment Diabetic Retinopathy Study. Nine-Standard-Field Protocol for Fundus Photography Another very good protocol for peripheral diseases is the cytomegalovirus retinitis (CMVR )/AIDS nine-standard-field protocol for fundus photography, 9 useful for AIDS retinopathy, peripheral retinitis (PVR) , and uveitis diseases. This protocol relies on wide-angle cameras such as the Canon 60-degree camera (Canon USA), or at least the 50-degree setting on one of the other manufactured cameras. The goal is to achieve maximum coverage of the peripheral fields, which may be of greatest importance. Peripheral CMV retinitis, acute retinal necrosis with peripheral nonperfusion, lattice degeneration, peripheral vessel leakage, retinitis pigmentosa, and scleral buckles for retinal detachments are best illustrated with this nine-field protocol. Similar to the seven-field protocol, three fields of view are taken on the horizontal meridian, but are spaced to maximize coverage. In addition, three fields of view are taken of both the superior and inferior arcades, which are designed to include superior and inferior to the fovea, and four other views generally center on each of the vortex veins. Figure 1.7 illustrates this protocol. Other Protocols
In addition to the three previously described protocols there are also protocols for melanomas and branch vein occlusions that concentrate on overlapping fields in the involved quadrants of the eye. Many of these protocols have been defined by the FPRC over the years and are in wide use throughout the world. Several more protocol descriptions for macula degeneration, ocular hypertension, and many related study sites can be found at the Fundus Photography Reading Center Web site: http://eyephoto.ophth.wisc.edu/. 
Common Angiographic Dyes
Two angiographic dyes are currently used in ophthalmic photography. This section presents a brief description of their characteristics, concentrations, and possible adverse reactions; discusses how to prepare them for use; and presents some descriptive terms commonly used when discussing the appearance of the dye during angiography. This section also discusses the six phases of fluorescein sodium angiography (FSA) and indocyanine green angiography (ICGA).
Fluorescein sodium (FS) is used to image the retinal vasculature of the eye. It is a man-made molecule synthesized from the petroleum derivatives phthalic anhydride and resorcinol. 11, 12 Even in small quantities, fluorescein sodium is a highly fluorescent dye which has a maximum absorbance of blue-green light and fluorescent excitation in the wavelengths between 485 and 500 nm. The maximum fluorescent emission of this molecule is in the yellow-green 520-to 530-nm range. 13 A dosage of 500 mg in either a 2 mL (25%) or 5 mL (10%) solution with a pH of 8.5 is normal for an adult of average build. This dosage is based on the weight of the individual and can be aliquoted down for small adults or children. When the dye is injected into the bloodstream, 80% of the dye molecules are bound to the blood proteins, allowing the remaining 20% to fluoresce when exposed to the appropriate wavelength of light. These free fluorescein dye molecules are small and easily leak from the fenestrated vessels of the choroid, but the fluorescence is blocked by the tight junctions of the retinal pigment epithelium (RPE). The retinal vasculature, on the other hand, contains vessels with tight junctures and does not allow the dye to easily leak, resulting in well-defined arteries, veins, and capillaries. Fluorescein sodium is metabolized by the kidneys, is excreted through the urine, and clears the system within 24 to 48 hours. Often, a faint yellow blush can be seen in the patient's skin for several hours following angiography. It is important to inform patients of these possible color side effects and to assure them that it is perfectly normal and will pass. Due to the presence of dye in the blood, it is advised that the patient schedule blood work that may be influenced by this dye marker prior to or 2 days after angiography. A word of caution should be given to nursing mothers, as the dye is excreted in breast milk. 14 Angiography is an invasive procedure in which complications and adverse reactions to the dye are infrequent, but range from mild to severe. Mild reactions include transient nausea and vomiting and do not require medical treatment. Extravasation, on the other hand, can start as a mild complication that is typically managed with a cold compress followed by a warm compress after the pain subsides. Depending on the volume of dye, extravasation can be a very painful complication due to the high pH of the dye. A subcutaneous granuloma as well as toxic neuritis can also develop. Extravasations can become a serious complication if skin sloughing or local necrosis occurs. In these instances medical intervention is necessary. Depending on the care taken to find a viable vein, the skill level of the clinician injecting the dye, and the patient management experience of the photographer, these problems should be infrequent and effect only about 3% to 10% of patients.
More severe reactions are rare, affecting only about 1% of patients, and they require medical attention. These reactions include pruritus (itching), urticaria, (hives), laryngeal edema (swelling of the larynx), bronchospasm (difficulty breathing), syncope (passing out) and anaphylaxis (allergic reaction requiring medicine).
By far the rarest (0.02%) and most severe reactions are myocardial infarction and cardiac arrest (heart attack and heart stoppage). Due to their severity, it is necessary that a physician be available during the angiography procedure and that a proper emergency reaction kit be available to manage these situations.
Indocyanine green (ICG) is the second type of dye used in ophthalmic angiography. It is a tricarbocyanine dye used to image primarily the choroidal vasculature of the eye. This synthetic dye was first produced in the 1950s by Eastman Kodak for the manufacturer of infrared photographic materials. It was one of several dyes offered to Dr. Irwin Fox of the Mayo Clinic after he successfully treated a patient who was an officer at Eastman Kodak. 15, 16 The ICG dye is a relatively large and complex molecule that fluoresces about 1/25th as well as FS and cannot be easily imaged on standard film systems. Electronic imaging is necessary in order to amplify the weak fluorescence given off by the dye. ICG has a maximum absorbance of infrared light in the 800-to 810-nm range and peak fluorescent emission at 835 nm. When injected, 98% of the ICG dye is absorbed by the plasma proteins. Therefore, it does not pass easily from the choriocapillaris or the retinal vessels, which allows for good delineation of the choroidal vessels, in marked contrast to the fluorescein sodium dye. In the United States, ICG comes packaged in a vial as a 25-mg freeze-dried crystal with a pH of 6.0. It is designed to be rehydrated with a buffered sterile saline solution provided by the manufacturer, with a 5.5 to 6.5 pH. Once reconstituted, the dye is very unstable and must be used within a 10-hour time window.
17 Typical dosages can vary from 8.5 to 50 mg depending on the procedure to be performed and the imaging equipment to be used.
An example of a variation of the manufacturer's designed usage is performing a combined FS/ICG angiogram using an SLO, in which the freeze-dried crystal is mixed with FS dye instead of the provided saline solution. This is done so that a true simultaneous FS and ICG angiogram can be performed.
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Another reason to deviate from the recommended mixture of dye when using a SLO is the inherent purity of the excitation light source. When imaging ICG dye with a conventional camera system, the excitation wavelength is just one of a broad spectrum of wavelengths given off by the xenon flash tube resulting in large amounts of nonessential extraneous light entering the eye. The SLO, on the other hand, emits a single tuned wavelength of light to excite the dye molecules, allowing for a lower overall quantity of photons to enter the eye. The single wavelength of light can also be increased to a level that allows for a lower dosage of ICG to be used, while giving equivalent results to flash systems with less overall intensity and discomfort. We will look at other dosages used with various imaging devices later in this chapter.
The ICG dye differs from fluorescein sodium in a number of other ways. In addition to the fluorescent properties mentioned above, ICG dye is not metabolized after injection, but is filtered out by the liver and excreted in the bile. Discoloration of the skin is also absent, but stools may be discolored from 48 to 72 hours after injection. Extravasation is not as traumatic as fluorescein sodium, because the pH is closer to that of the surrounding tissues and the incidence of skin sloughing, localized necrosis, and subcutaneous granuloma is greatly reduced.
Adverse reactions are also less prevalent with angiograms using only ICG dye. The incidence of nausea and vomiting are reduced to about 0.5%, and the incidence of moderate adverse reactions such as urticaria and syncope are on the order of 0.2%. During manufacture, sodium iodide is added to make ICG soluble in water and safe for human use. Although many people believe that sodium iodide is a major component of ICG, it is in fact less than 5.0% by volume. Even at this level caution is recommended for those patients who are at risk of allergic reaction based on prior allergic reactions to shellfish or a previous reaction to an iodide material. ICG angiography is sometimes delayed with diabetic individuals using Glucophage until an appropriate schedule of delay and reintroduction can be set up. 17 As is true with fluorescein sodium, trained personnel should be on hand, as should an emergency kit in order to manage problem situations.
Dye Preparation and Injection
It is convenient to have a standard setup for use with the angiographic dyes (Fig. 1.8 ). This kit should consist of syringes and straight needles, butterfly needles, a three-or four-way stopcock, alcohol wipes, gauze pads, bandages, a tourniquet, and perhaps some sterile saline for a flush. 17 Sodium bisulfite is also used as a preservative in many canned food products, in commercial wines, as well as in drug products, so this too may be a possible concern.
Fluorescein Sodium Only
If only fluorescein sodium is to be injected, a syringe with a straight filtering needle is used to extract the liquid dye from the ampule or vial. A straight filtering needle is replaced with a 23-or 25-gauge scalp vein needle. This setup, along with a tourniquet, gauze pad, alcohol pad, and Band-Aid, should be placed within easy reach of the clinician doing the injection. If a saline flush is to be used after the dye injection, it should be placed on one port of a stopcock with the dye placed on another port and the scalp vein needle on the appropriate third port.
The imaging device is prepared with the correct red-free filter, and red-free images are taken, after which this filter is removed and replaced with the fluorescein Exciter and Barrier filters. A red-free image is a high contrast Back & White image taken through the camera's green filter, illuminating the eye with only green light, thereby suppressing the red wavelength of light returning from the eye from reaching the film or sensor in the camera. This is a good time to again briefly review the procedure with the patient. After an appropriate vein has been identified and breached, blood is drawn Fig. 1.8 . An example of a standard injection setup consisting of different sizes of syringes, butterfly needles, a stopcock, dyes, alcohol pads, Band-Aids, gauze pad, tape, and a tourniquet. A complete list can be found in Table 1.1. into the tubing to ensure that the vein is patent. When the clinician, the photographer, and the patient are ready and conditions permit, the dye is injected at a rate of about 1 cc per second, after which the saline flush can follow. Valuable injection time information can be obtained if the camera timer is started at the beginning of the injection and an image is immediately taken, followed by another image taken at the end of the injection of the dye. If the injector uses keywords such as "starting" and "finished," these critical time points can be recorded without much difficulty. As the photographer continues with the predetermined angiographic protocol, the clinician removes and discards the needles, ensures that the patient is okay, and, once the bleeding has stopped, places a protective Band-Aid over the injection site. The use of a saline flush is determined by the individual institution, but is not mandatory.
Indocyanine Green Angiogram
If only ICG is to be injected, a syringe with a straight filtering needle is used to extract a predetermined amount of balanced saline, typically 2 to 5 cc, from the provided ampule. This is injected into the vial containing the ICG crystals and is gently rocked back and forth until all of the dye is dissolved. The liquid ICG dye is then drawn back into the syringe and the straight filtering needle is replaced with a 23-or 25-gauge scalp vein needle. This setup, along with a tourniquet, gauze pad, alcohol pad, and Band-Aid, is placed within easy reach of the clinician doing the injection. If a saline flush is to be used after the injection, the syringe is placed on one port of a stopcock, the dye placed on another port, and the scalp vein needle placed on an appropriate third port. The imaging device is prepared with the appropriate filters and the coordination of the injection and establishing photographs are similar as previously described for fluorescein angiography. As the photographer proceeds with the predetermined protocol the injector attends to the needs of the patient.
Sequential Fluorescein Sodium and Indocyanine Green Angiogram
Combined sequential FS and ICG angiography is performed as described above by using a four-way stopcock and deft coordination. With the imaging device set up for ICG, the injection of ICG dye starts and the establishing images, up to the early midphase images, are taken. The camera is changed to the fluorescein angiography (FA) settings, the stopcock is turned to the FS port, and the injection and photos proceed as previously described for FS only, up to the midphase photos. The camera is switched back to the ICG setup and late midphase images are taken at about 5 to 7 minutes. The camera is once again set for FA, and late-phase images are taken in the 7-to 10-minute range. The study concludes at about 15 minutes with the late-phase ICG images. An in-depth discussion of the various phases of angiography is presented later in this chapter.
Simultaneous Fluorescein Sodium and Indocyanine Green Angiogram
True simultaneous FS and ICG angiograms can be performed with a Heidelberg SLO. A syringe with a straight filtering needle is used to extract the fluorescein sodium dye from its ampule and is injected into the vial of crystallized ICG dye. The solution is gently rocked back and forth until the crystals are completely dissolved. A gentle rocking motion greatly reduces frothing of the mixed dye solution. The mixed solution is then drawn back into the syringe and the straight needle is replaced by a scalp vein needle. This setup can be used with or without a saline flush using a stopcock as previously described. The Heidelberg SLO has the ability to simultaneously project two colors of excitation light into the eye while recording the fluorescence of the two dyes with separate sensors. This arrangement gives the clinician the unique ability to appreciate both the choroidal and retinal vasculature together.
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Indocyanine Green Feeder Vessel High-speed video ICG angiography is used to identify feeder vessels in the presence of occult neovascularization. The Heidelberg SLO has the ability to record individual images of the ICG choroidal transit phase at 12 frames per second (fps). Several paradigms have been devised to utilize this unique feature, and we will look at two basic methods that are currently in general use. 
Dyes
Fluorescein sodium 500 mg-2 mL (25%) and 5 mL (10%) Indocyanine green 25 mg with 10 mL buffered saline Drugs Benadryl 25-mg tablets for pre-and postallergy medication Compazine 5-mg tablets for premedication for nausea Syringes 5-cc syringe with 20-g × 1.5-inch filtering needle 3-cc syringe with 20-g × 1.5-inch filtering needle 1-cc tuberculin syringe with 20-g × 1.5-inch filtering needle Needles 20-g × 1.5-inch filtering needle 21-g butterfly infusion set with 10-inch tubing 23-g butterfly infusion set with 10-inch tubing 25-g butterfly infusion set with 10-inch tubing Stopcock Three-port for single dye injection with a saline flush Four-port for double dye injection with a saline flush Miscellaneous Alcohol prep to clean the injection site Band-Aid for after the injection Cotton gauze sponge 2 × 2 inches to help control bleeding Emesis basin or double-lined trash can for nausea Gloves to protect the injector Ice pack to manage pain if extravasation occurs Sharps needle receptacle for contaminated needle disposal Tape 1-inch paper to hold down infusion set Tourniquet for getting veins to stand out Warm compress to help dissipate extravasated dye
The first method uses a small bolus of dye injected into the arm immediately followed by a flush of the provided saline. The dye is prepared by mixing approximately 1.7 cc of the provided balanced saline with the 25-mg vial of ICG crystals. Approximately 0.8 cc of 12-mg ICG solution is drawn into two 1-cc tuberculin syringes and 8.0 cc of the balanced saline is drawn into a third 10-cc syringe. A stopcock is fitted with a scalp vein needle, and one of the tuberculin syringes contains the dye and the third syringe contains balanced saline.
The SLO is configured to record ICG fluorescence at a rate of 12 fps, with a 2-second-frame buffer. The operator initiates recording as soon as the dye is seen entering the eye and the SLO saves images 2 seconds before the operator starts the acquisition process. The syringe with 0.8 cc of dye is injected into the arm followed by a 4-cc saline flush. This small concentration of dye rapidly transits the eye and leaves low background fluorescence. Approximately 20 seconds of dye transit can be recorded each time, depending on the resolution selected and the available random access memory RAM memory installed. With pulsed doses of dye, middle and late angiographic images are usually of poorer quality, and do not add much information for identifying feeder vessels, but can provide important late-phase information.
The second method uses 5.0 cc of a 12-mg solution of ICG dye. A scalp vein needle is placed directly on the syringe and the saline flush is not used. With the SLO configured at 12 fps and a 2-second buffer, the bolus of dye is recorded as it enters the eye. All of the angiographic injection techniques covered above are presented as general guidelines and will vary slightly between institutions, based on local laws and the preference of the referring physician.
Descriptive Terms in Angiography
This section presents four descriptive terms used to discuss the appearance of angiographic images and some common angiographic protocols. The terms are hypofluorescence, hyperfluorescence, pseudofluorescence , and autofluorescence , the last two being special types of hyperfluorescence. The next section discusses the hemodynamic appearance of dye associated with the six phases of ocular angiography.
Hypofluorescence is the relative decrease of normal fluorescence of dye within the eye resulting from blockage or filling defects. An example of blockage could be due to hemorrhages or exudates. Preretinal hemorrhages (PRHs) block fluorescence both from the retinal and choroidal vasculature, whereas subretinal hemorrhages (SRHs) block the fluorescence origination from the choroid. Filling defects can be from branch vein occlusions, ischemic nonperfused areas, or capillary dropout (CDO). Figure 1 .9 demonstrates both PRH and SRH in a diabetic patient, as well as CDO and nonperfusion in the periphery.
True hyperfluorescence is a relative increase of the normal fluorescence of dye within the eye due to pooling, staining, transmission defects, and leakage.
An example of pooling is central serous retinopathy (CSR), which can be seen in Figure 1 .10A . Dye starts to fill the serous detachment in the early phase and progressively expands throughout the rest of the angiogram. Figure 1 .10B is an example of a pigmented epithelial detachment (PED), in which the dye collects in the detached space under the pigmented epithelium evident in the mid-to late phases of the angiogram. A third example of pooling is the petaloid appearance of cystoid macular edema (CME), in which the dye collects in cystic spaces caused by inflammation within the macula and surrounding the fovea (Fig. 1.10C ). This type of hyperfluorescence is evident in the mid-to late phases of the angiogram.
Staining, the second cause of hyperfluorescence, is a result of dye leaking into surrounding ocular tissues. The diffusion of dye from diabetic macular edema or fenestrated vascular anomalies can result in perivascular staining. Drusen, the lamina cribrosa, and the rim of the optic nerve can also demonstrate a relative hyperfluorescence staining, though clinically this is considered normal (Fig. 1.11 ) .
A third type of hyperfluorescence is from the transmission of light originating in the choriocapillaris through a break in the layer of RPE. This is called a window defect, as it enables the clinician to see the choroidal space through a nonpigmented region of the RPE. Geographic atrophy is a prime example of this type of defect in which the RPE has degenerated, providing a clear view of the choroidal vessels. Figure 1 .12 demonstrates the six phases of a fluorescein angiogram in which choroidal vessels can clearly be seen in the arterial phase. The six phases of angiography are reviewed below. Note that the large diffuse area of hyperfluorescence in the posterior pole is from staining of the sclera.
The last true type of hyperfluorescence to be discussed is from dye leakage. Figure 1 .13 is an example of subretinal neovascularization (SRNV). In this case, dye is used to delineate new vessel growth inside the eye, particularly in the posterior pole, from which blood or serous fluid has leaked.
Pseudofluorescence is a special type of apparent hyperfluorescence. Figure 1 .14A shows examples of poorly matched exciter and barrier filters and filter sets worn out over time. Figure 1 .14B demonstrates a ghost image in which light passes through a set of filters to the film or sensor forming an image, even though dye is not present in the eye. Autofluorescence is the final type of apparent hyperfluorescence and can be attributed to the unique characteristics of structures within the eye. Fluorescence can be seen in patients presenting with true optic nerve head (ONH) drusen. Fluorescence emanates from ONH drusen when exposed to light from the exciter filter, even in the absence of dye (Fig. 1.15 ).
Six Phases of Fluorescein Sodium Angiography
The six phases of FSA, in order of appearance, are the choroidal (C), arterial (A), arteriovenous (AV), venous (V), recirculation (R), and late (L). The timing of the first four phases varies, depending on the patient's vascular makeup, the sensitivity of the imaging device being used, and the injection technique employed. It is the preference of the referring physician that determines the timing of the mid-and late-phase images.
In FSA the choroidal phase typically appears 8 to 20 seconds after start of the dye injection and is the earliest indication of dye entering the eye. It is marked by a patchy blush of hyperfluorescence in the background of the retina and the cilioretinal artery present in about 15% of the population begins to fill (Fig. 1.16 ). The arterial phase follows the choroidal phase by 1 to 2 seconds. Figure 1 .16 demonstrates the arterial phases in which dye appears entering only in the retinal arterioles and an increase in background fluorescence. It is very short lived, lasting only a couple of seconds.
The arteriovenous phase occurs about 12 to 15 seconds after the dye first appears in the eye. A characteristic laminar flow is seen in the veins as dye passes from the arteries through the capillary interface and slowly begins to fill the veins while background fluorescence continues to increase.
The venous phase usually occurs around 25 seconds after the dye first shows up in the eye, and it lasts for several minutes. The veins are fully perfused with the concentration of dye being greater in the veins than in the arteries. In the middle to later part of this phase the veins appear slightly more hyperfluorescence than the arteries.
The recirculation phase, or what is sometimes called the midphase, begins about 2.5 minutes after the end of injection and is usually documented at the 3-to 5-minute postinjection mark. Both the arteries and veins are of equal brightness and a marked decrease of overall fluorescence can be appreciated. Dye leakage and pooling starts to be evident in the midphase.
The late phase is the sixth and final phase. Photographs are typically taken from 7 to 10 minutes after injection. The concentration of background dye is low and appears somewhat flat in contrast. The remaining hyperfluorescence is from staining, leakage, and pooling. As stated earlier, all times are approximations, as each person's circulatory makeup varies as do the techniques used and times preferred by the referring physician.
Phases of Indocyanine Green Angiography
Indocyanine green angiography, as described earlier, is used to image the choroid. It demonstrates similar phases to FS in the retinal vasculature, but does not always appear at the same time as FS. For example, when using a SLO device, the choroidal and arterial phases are essentially one and the same since the retinal pigment epithelium does not block the fluorescence of ICG. The initial choroidal flush of dye followed by retinal arterial filling is on the order of 1 to 1.5 seconds (Fig. 1.17 ) .
The arterial and arteriovenous phases can be appreciated in both the choroidal and retinal circulation at high speed, though it can be very difficult to distinguish the difference partly due to the visibility of the choroidal and retinal vasculature in the same Fig. 1.17 . The six phases of indocyanine green angiography (ICGA) starting with a color and red-free (RF) photograph of a patient with atypical central serous retinopathy. The choroidal (C) phase demonstrates a brighter blush of dye from the choroid in ICGA than for fluorescein sodium (FS), because the retinal pigment epithelium (RPE) layer does not act as a barrier for ICG dye. Individual choroidal vessels are well delineated in the arterial (A) and arteriovenous (AV) phases, which show that the ability to distinguish between arteries and veins in the choroid is harder than for the retina. This difficulty is due to the increased number of vessels visible and the torturous nature of the choroidal vasculature. The venous (V) phase shows a marked decrease in overall fluorescence; the sensory retinal detachment remains hypofluorescent as does the optic nerve. The recirculation (R) phase demonstrates a more diffuse staining of the choroid. In the late (L) phase, individual choroidal vessels are no longer visible, the detachment is well visualized, all fluorescence is absent from the retinal vasculature, and the optic nerve head remains hypofluorescent.
